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THE UFETI11E OF AEROSOLS IN AMRIENT AIR: CONSII)ERATION OF 
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.A t rnct 

11 Rev. 

The relatively lonq lifP.tine of rlroplF>ts in r~tr1ospheric h<!ze i'!nrl foq in 

comparison with si~ilar rlroplets of pure water is ilttrihuterl to the presencP of i'l 

monolayer of surfi'lctont film onci tn the i'ICCUmtll<ltion Of sol11hle salts from chePlical 

reactions. The lifetime nf these rlroplets is a significant factnr in the PVnluation 

of thP role of hett>rngPnPotJS a(]neous chenical rf'actiot1s occurring in thp 

tropo~l)hpre. Severrll r·l(>chi1nisms nf SO? nxir;,tion in thP rresence of licplirl \·Inter 

are investi•Jater1. It is shcll·tn thnt soot-cf1ti1l.Y7Prl nxirlntirm of Stllfur r1ioxirle c0t1lrl 

he responsible for the high lP.VPl of SI!lfilte concentration ohserved in thP coastal 

industrial areas. 





1 

rod11ction 

The importance of chemi reactions involving liquid \'later droplets is v1el1 

estab 1 i shed (Rei 1 et a 1 ~ 1 ~78; Hegg and Hobbs. 197g; t!I rldl eton P.t a 1. 1980). 

These wet processes are suggested to be important in the formation of atnospheric 

sulfate and nitrate particulates in clowis anrl thus contribute to an increase in the 

acirlity of rain. pH levpls as low as 2.::> 11ere founrl in a recent study of Los 

1\n:Jeles fog rlroplets (LA Tir'les. 9/?4/H2). 

In the post. the assess•nent of the inpact of "''et cheMica 1 processes hns heen 

1aruely haserl on the cherlica1 reaction r(!tf'<>. HoNeVE'r. '"tH~n relative hnnirlity is 

le.:;s than 1mity. riroplets evapornte and thP reaction ri'lte is limited hy the 

aerosols 1 Pvnrorat.ion time. Ther~>fore in this paper, the lifeti1'1e of these rlror1Pt'i 

is deter11i ned anrl used to assess the if'lpnrtance of nquen11S reactions undf"r 

Atnospheric conditions. 

The lifetine 0f rlrop1ets is prolonged ilt <1 given rel<'itive humidity hy the 

presence of hygroscopic St'llt nuclei and hy surfi'lctant rnatf'rial forr1erl into n fi 1m on 

their surf aces. The presP.nce of i nso 1 uh 1 e nateri a 1 (!Ccentuates this effect by 

acting as a condensation stJrfacE> for tracP inp11rities and by increasing H1 P 

concentration of salt, resulting in a lesser requin'!d amount of 1·1ater for a given 

size rlroplet to forme f:loud anrl fog saf'lples collected by Kuroh1a (1951, 195S) nnd 

Ogiwilra and Okita (1952) were found to contain soluble and insoltlhle particles ':Jhich 

werf' similar in nature, form, and size to those prod11Ced hy haze i'lnrl cornhll';tion. 

The presence of these ir1p11rities in samples of atmospheric liquid water hfis also 

heen suhstantii'ltect (lfinl<lPr, 1973; Covert et al, 1472). 

Sr.veral r1P.chanism.:; helievP.d to he responc:;ihle for o:::o2 oxirlation ar!" consirlererl 

in this pflper, as "'ell r1s their impact on i'lir fliJality during episo<ies i11volving high 

con cent ri'lt ion of such at111ospheri c aerosols@ 
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Effects Impurities on the Rate of 

Evaporation of W~ter Oroplet~ 

Assuming the evaporation of the droplet procePrls hy thP. effnsion of vapors 

through a hollnrlary layer fo1lo~r1E>rl hy r1olecular !1iff11sion into the continuum~ the 

rate t>f evaporfltion of a <;olution rlroplet Ci1n he vJritten CIS {Fukuta anrl llaltE>r, 

1970): 

I there 

f{ I "' v a r • @ s t '>a 

( 1 ) 

>< 1• ~. 1 anct ~:T n.re the resistances to free nolP.Ctllar eff11sion, t·tass rliffusion nncl 

heat conduction. Sis applied~ or huH, satttration ratio {relative humidity if 

S' 1). Ssat is the supersatt1ration ratio for the soltltion rlroplet nr'1rl is given i1S: 

( 2 a ~1 
= ( 1 - ! f . M.) e xp } 

1 1 r p
1

R T 
(?.) 

Here. ,., is the molarity of the solutf> n.nd f is the prPssure lo~>1ering filctor. \:hich 

depends on the concentration. temperi'lture. am1 natiJre of the solute (Internr~tinnal 

Critical Tables. 1926). The suMMation i<; r1nde ewer all of the ionic species rresent 

in the solution. Other paraMeters are defined in Table 1. 

Analytical solutions can he found for limiting cases. For nonpolar liquids and 

polar liquids with short hyrlrocarhons. resistancP in the interfacP. is npgligihle 

(Ry@! o). and evaporation is controlled hy the rate of rtiffusion of water to the yas 

phase and conduction of heat to the clroplet. llith such a rlroplet thilt is also large 
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en.ough curvature 

the mensionless li 

s to he neglected, »quation (1) can 11e integrate<i to give 

ime of the droplet as: 

( 3) 

Polar liquids and riroplets containing a nonolayer of surfactant film vaporize at 

controllerl. anrl i~I >> R~A + ~~T (see Tahle ?). llnrlf'r t.hese conrlitions, f'lquation (1) 

can he solved to givP thf' lHeti11P. as: 

r 
0 (s ~ s 

sat 

(4) 

In Fig11re 1. r.1tios .1re rlPpictect of thf' lifPtirnes of varioiJs size rlroplets 

calculnterl using the diffusion model to the lifPtir1es cnlc111ated using f'CJllation (l) 

for various evaporation coeffi ents. For li'!rge droplf'ts nnd flat surfaces, 

evaporation is rliff~tsion~controlled. Kinf'tic pffRcts hPCOine i1npnrtnnt only if tt1e 

dr0p1Pt is covere:>d hy surfacti'lnts of lony-chain hy~rocarhons >vith hiuh fi18 

resistances. Howeve the error in using diffusion results con hp suhstantir~l for 

atmosphe c fog <iroplets (r - 1-!:> JJm) covRred '·lith ~ven a relatively weak 
0 

surfactante 

The effects of relative hunirlity anrl t.empRrature upon the lifetinP are SP!'>n in 

Figures 2 ~nd 3. At·r~lative hunirlities of HO~. anrl hi,JhPr. fl stronqer correlation 

depenrlence is prini'lrily d!JI? to ChangP.S in pnrtii'!l Vi'lpOr [)rPS<;tJrf'. 
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Absorption and chemical ions within the droplet can eventually 

the su vapor re values smaller than equilibrium vapor 

pressure. Hence, condensation occurs ative humidities below the satu ion 

limit, causing dropl to • The additional layers of r 9 converging upon 

the su the li heterogeneous cal reactions. This 

resul in further droplet growth to sizes which attenuate light and reduce 

visibility. At the coast line, the higher concentration of salt nuclei shifts the 

equilib um dropl size dist bution to the larger values. This shi occurs 

because the critical droplet us, defined as the radius corresponding to 

equilib um maximum supersaturation, is larger when the aerosol contains salt 

nucl The result is that probability that the nuclei are wetted is greater at 

the line than in inland areas, allowing more droplets to participate in 

aqueous chemical reactions. 

ion in Atmospheric Aqueous D ets 

lfur dioxi can be oxidi by photochemi reactions in the gas phase and 

alytic non-catalytic ion in aqueous droplets. In the humid 

indust areas, sul production in the presence of suitable 

imes be higher dation by one or more 

magnitude, (Mi al ~ 1980). oxi ng agents such as ozone (Penkett 

, 1976); and metallic ion 

(F 

rl , 1974); hydrogen peroxide (Penkett 

such as manganese (Matteson 

), and copper (Cheng 

in aerosol droplets. 

al, 1969; Johnstone and Moll 9 1960); iron 

1) are ted as possible oxidation 

ly, the e soot particles as cata in 



dati on reactions been studi (Bronzinsky et , 1980). Recause 

high concentration the">e soot-lad~n pt'lrticles in industrial areas~ it is 

pl;wsihle that they could h~ responsiblf" for the production of the major part of 

sulfate in fogs and clot~ds and in the formation of acirl rain (Chang et al~ l9Rl). 

5 

The conditions unrler which onf" or all of these oxidation processes are 

iMportant depend on the meteorological paraneters and on the concentration of 

gaseous species in the at1nospbere 9 as wf>ll as on the nature and availahility of an 

oxirli1ing i'l9ent. Liquid ~rlfiter is neerled to initinte the reaction, which can hf> 

ilCqtlin~cJ hy physical flhsorption on tlw Sttrfnce of ,;m inc;oluble solirl or hy 

hy\Jroscopic solt1hlP salt ntJclei in the aerosol. 

\~hPther the ratP. of so2 convPrc;ion is controllerl hy the rate of diffusion of 

yaseous po'lltAtants t01-1ard i'\nrl ,.Ji thin the drop 1 et or by thE" rate of chemica 1 

n~act ions insirlP thP rlr0plet rlerPnrls on thf' siz~=> of thP. rlroplet. thP. nature of thP 

UnSPOtiS specif's, find t.hf> Cilti'!lyst involved. Johnstone and Conghevw~o~r (195R) shm·1erl 

thnt for rlroplets 700 um in dianeter at sat11rate~ hw;-Jirlity, oxination of sn? 

cati'llyze(j '1y "nS\14 is contrnllerl hy thr riltf> nf nifftlsion in the ctroplet. For 

riroplnts SMilllPr thfln 511 J,li'l in dianeter, Rei 1kP anrl (;ravenhorst ( 1978} Shm,tpd thnt 

thP rc:tP-dPtnr11inirq Stflp in the OVPrnll hetPrOgf>nOtiS S('l2 OXidation iS t.hp OXirlation 

of S( IV) to sulfate and not a diff!Jsion process. Fog and c1olt(l drop1Pts are usut~lly 

bP.tvlef'n 5 and 20 lAm ; thF>refore. it set'ns c;afe to aSSIJMe thnt the rate of rE>ilCt ion 

for such droplP.ts in the aqueous phnSf> i<> the rate-detf>rrllining stf>p. !Jnder these 

conditions~ the reaction ratP. depen<is only on the concentration of the catalyst and 

on the rli verl ies in the solution. 

The rate of reaction is inrlepenrlP.nt of droplet sizf> as long ilS enough water 

exists on the surface of thP. Ciltnlytic m1clei to sustain thP. reflction. Sni'lll 

droplets of pure ~~~ater evnporate long heforP a f'lf'i:lSIIrilh1e t~nnunt of sulfi'lte is 

formf'rl. For lnr~F>r droplets~ evilporation is eventnillly hinrlered as the 



concentration dissolved sul increases. Steady-state conditions will 

ev~ntually he maint ned, and the droplet will rea a new equilibriuM as the 

reaction goes to colllpletion. In the renainder of this paper, 1·1e ex!mine such 

conrlitions and assess the importance of several catalytic reactions. 

r.atalytic Oxirlation of SO?. on Soot Particles 

The rei\ction rote li'!w is shown to he representerl hy the following Pquation 

[C ] = yri\ns of carhon particles/& 
)( 

[02] =moles of dissolved oxyyen/t 

[S(IV)J =total r10les of S(IV)/Jt 

a= 1.50 x 1.0
12 

t 2!rno1/ 

fi 
S = 3.06 x 10 &/MOle 

( 5) 

Strictly speaking, catalytic properties of soot particles are different fnr 

6 

vnrintls fossil fuels 11nrler rlifferent combustion conrlitions. The rntP constant userl 

helnw represents the average ue for acetylene anrl natural gas particles prod11ced 

IJnrler rich fli'lrJe> conrlitions anci is given as: 

k = 1.17 x 10
5 

exp(-E/RT)mo1es· 31 t •69 ;g. sec. 
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where-

T • Temperature in degrees Kel n, and 

E • 11.7 kc~l/mole 

The rate of -;ulfate prorltlction is linearly proportional to f[S(IIJ)]. ~·,hich 

rlt>creast>s as the pH decreases at a given sn2 concentration. IJnrler atnosphPric 

100 !Jph), the rate is cirastica11y redt1cect v1hen tf)e pH rirops to 

v a 1 u es lov1 3-4. l'sin~j equation (5). tile rate of conversion, rlefinerl as the 

frnction of rlissolvPd sn2 oxirli7Pd, is C.:'llcu1aterl for different val11Pc; ')f rH ctnrl is 

l'lott<"(i in Fiq. a.. The conversion rC~te is initially zernth orrler ·lit.h reSflPCt to 

1Jhpn Ute <iroplet is 1mrler~10ing PVnporation, the follo111in~ fiSSIII'Iptions are r~t1e 

fnr Pstinating the rate of conversion: 

1. The rlrnp 1 ets are i nrlepenrlPnt of Pi'ICh other i'lnrl their Sllrface tertperi1tllre 

The ri'lte of F:Vaporatiot1 i~:; calc1!l~tF>rl fror1 E'fJII~tinf'ls (1) anr1 (2). He 

sur111ation is over a 11 sulfite s 

rlissolved salts which ~ight present. Dissolverl gases and the r1issociation 

products are assu11ed to be in r::quilih W'1 with thF> ~asPous vapor<:>. ThP [H+] is 

oht<:~i ned frotn chargP ha lance: 

( fi ) 
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chenical ~quilihriun const~nts ll'Sed fire 1istPd in Tahh~ 3. flifferential equations 

(1) and (tJ), ~iven the sPt of equi1ihriu11 relntions in Table 3, are solved 

simtlltaneously to deternine the size anrl acidity of the rlroplet at different 

til'les. Fiuure 5 shm·1s such results for a fog rlroplet 5JJI'l in racti11s 11hP.n it 

evaporates and unrlergot>s catalytic reaction~ in the atr1osphere at a relative 

h11nirlity of HO'fo. A Ci'lrhon concentration 0f 10 ug/m
3 

is taken as a typical villUf' for 

11rhMt arPc1S. n<;SIH'lin~J thAt el;;.npnt'll carhon constit11tes 30% of the t.nti'll uPiqht. An 

-11 
PVn[Jnr21t:inn r:of.lfficiPnt of a = 10 \Ji'l<; 'l'><;lll'lt:>d. h;win~ hePn llf>i'l<;llrPri PX[JPrirlPntally 

In rPViP\Iing Fi~]urP. 5 it can he seen. unr1Pr the given ;,ssunption<;, th<1t thP 

eqtlilihriun r;v1i1Js (.ll7 JJ~) is too 511all for nny ],JP.t rPoction to take plan'. T'le 

carhon nt1clei present in such~ rlroplet vd11 possibly rlry 011t. TIH> rilte of reactirm 

vti11 then folltM the rlry rnechanism. 1·1hich has a reaction riltP c;lm·Jer th<'ln thi'lt of 

Cilrbon-catalyzerl su2 oxirlf'lt.ion is not an i~1portant mechanisn in reqinns of lm,1er 

rel;,tive hunidity. 

In cnnstal nrF>i'lS concentr.1tion of salt nuclei is hiqhPr. causinu tt1e 

eqllilihrilll'l rarlius of an nerosol rlrnplPt to he larqPr, the l01·1er vapnr prPc;c;qre 

a5snciaterl vtith surfact.1nts anrl ott'1er impurities help to naintain thP licplirl \·JiltPr 

rPquirP.rl for thf' \vet renction. C1Jrve h reprec;ents the evnporation of an aerosol 

containing such impurities. llhen thp ~erosol contoins carhonacf>ous nf!tf'riolc;, 

cherYJical rf>i'lctinns also play i'ln imrorti1nt rolf'. In this casf', gi'lseo1r,;; rolltrt:ants 

?lhsorherl in the ;wroc;ols prorluce sulfite anrl hisulfite ionic spt>cies 1·1hich nrP thPn 

oxidized to sulfntf'. /\c; evaporntion procf'erls, aerosol is being rapirlly concentrateri 



su 

completely 

as pH 

or 1 ower may 

these dropl 

1s 

case pure 

ow the 

" Under such 

in 1 ess 

are limited by 

This procedure 

resul are summari in Table 4. 

can 

i . 

made rding this table: 

Concentration 

equilibrium 

su ent 

t nucl 

us. 

r 

9 

ion is ninde 

~ however9 slows down 

tions as ~ pH levels 2.5 

an hour9 (see Curve c~ Fig .. 5) .. The lifetimes 

1 and not by evaporation~ as is 

di initi tions and the 

are summa some generalizations which 

impurities only 

conversion is independent 

the 

these rameters 

i i . Increasing the 

conversion initi ly. 

ration of 

However9 as 

pa icles increases the rate of 

ion proceeds~ pH drops and the 

iii. 

v. 

ion 

in t 

1 ess 

rate 

ive. The result is on a moderate increase 

conversion" 

When the NH3 ion in the atmosphere becomes reduced, the ammonia 

conversion 

ess, 

by the 

s are seen 

that la r 

causi the concent ion 

ty. The NH3 concentration can, 

oxi ion at different pH 

upon the parti pressures" 

sul produced is only slightly 

ion in the ambient .. 

1 ess cient in so2 conversion. This is 

a much ower rate, 

icles to remain small throughout the 
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evaporation. At the limit~ where no Pvaporation ~xists~ Fig. 4. c~n he 

userl to direct Pvaluate the of conversion. 

ronpari<:>on "lith Other '1echanisns 

The relativP. importance of sulfate production mechanisns by soot particles ~·dth 

other r1eChi1nisr1s i11volving liquid ~tJater is investigcrl:erl hy using a tlox-typl" Model. 

lletails reqorrling such investiyations are reported f>lSP\·Jhere (Chang et al. 19~1). 

lhe ca1culntions ilre !1Mle for cnncPntratio11s of gaseotJS anrl particulate emissirm 

•·1hich nr~" 11sual1y ohsrrverl ,1t ilt!lospht>ric cnnc1itions. Thf~ restJ1ts are shnv•'l in 

Figtlr>~ 6. 

It is SPen from Fiy. 6 thnt oxirlatinn rei1ctions involving soot particlPs can 

c:onpri SP thP rlorni n~nt rlP.Chani sm in fog f!nrl c 1 0u<1 rlror 1 Pts i'lnrl in regions c 1 nse to 

sources anrl f1t>avi1y pol111terl urhan nreils. It shoulcl he notPrl that unrler conrlitions 

of strong phot0chenici'll activity~ liquirl-phase oxirlation of so2 hy H2n2 anrl 

condensation of H2sn4 i'lre t.~>JO nechanisrts likPly to be doninant anrl nlust bf' inclurlerl 

in any sulfnte prorl11ction rnect1anisr15 st11cty. 

r:oncl115ions 

In this !JnpP.r. 1t1e discussed the rate of soluble and insoluble matter in the 

stabilization of aerosol droplets. So1Hble nuclei. r:1uch like sea salt, rlf'tP.rrlinP. 

the equilibriuM size of the rlroplet in relation to the surrounding atnosphere. If 

the nuclei are larye enough to v1et the aerosol. the absorption of gases follo\ved hy 

CYJPrlic~l reactions in the liquid pha.:;e instiyates gro~t1th of the particle. lliffprf>nt 

reaction pntht·li~Y" on thE> oxidation of sn2 in ;:mnient aerosol.:; have heen 

investiyi!ted. The study has hPen only a lh1iterl one. In orrler to asseo;s t'le 

prevalent reaction f'lf'Chanism, other factors~ StACh f!S prinary source input arHi 

r1eteorolovical pariHneters. as vtell i'lS removal. transport anrl mixing pC1raneters. rust 



lOa 

so, es ne ty ci di 

ionic ies present in the dropl concentrated conditions are al 

for a better this phenomenon. 
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he·includect. J\ho, <;tudies to dt>terr1ine the ~ctivi coefficients of di rent 

ionic spPcies prP.<>P.nt in the <irnplet urH1er cnncentraterl conrlitinns are crucial for "' 

hett.er tJndP.rstafldinq of tt1i<> phenoG1P.n(H1. 
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hhle 1 

No1'1Pnc1ature 

a Evaporation coefficient 

k Thermal conductivity of the r1edium 

v Velocity of the P.Vaporatiny f'lolecule 

p Density 

a S!1rft1CP tt>nsion 

q lli ffus ion coefficient 

f Pr•"SSllrP lo~tu~ring fi'lctor 

L l~tent hP.i'lt of evaroration 

m r10larity 

'1 ;1olecu1ar weight 

r f1rop1et rarli11s 

R llni versa 1 qas constilnt 

S Relative hur1i~ity, satur~tion ratio 

t T i r1e 

T nroplet tenperat11re 

Subscripts 

eq Equilibrium 

t liquid 

s So 1 i d 
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Table 2 

Resistances fnr Di 

R;(sec. Cl'l-2) 

a "'10-2 -4 10=0 
a "'10 a "' 

0.1 3.9 10 
') 

7 xlO- 7xl0 4 7xl0 11 

1 3.9 111 7xlf11 7xl0 3 7xlll5 

10 3.9 7 7xll1? 7xlU4 

10(1 3.Y 10 7x w-1 7xlll1 7xl0 3 

1000 3.9 10 7xlo-? 7 7xl02 

*The thP.rna1 con<1uctivity i!nd t1iffusion coefficient nre ilpfJroxifn;ri:P.d ~Y th~" 
enpirical relations: 

K(T) "' 5.H03 x 10-S ( 3~ 3 ) (~T~)3/2 ca1 
T + 120 273 cn.sP.cOK 

11(T) "'0 
3~3 T 5/2 1 2 

(T + 120) (273) • P en /sec 

Tfle latent heat of evaporation is t1lso a function of tenpHnttJre i'lnrl CiFl he 
approxir1aterl hy the equi'ltion~ 

L "' - 0. T + 753.1 (l in cal/g anrl T in OK) 

hetween temperat~re range i t~ 253 < T < 313. The Vi!lue of o • 75 <1ynes/cn 
and "' 1 9m/cm is assufl1ed for water. 
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Tahle 3 
l.henici'll FquilihriuFI C:onstant<; i'lt 2S 0 C:.* 

H2o H+ + ,)q K? "' l.IH)l)H X 
-111 

1'' ·} 

II 

'lH
3

(q) + H
2
0(R,) i'l 

till f' il H "' S7 + 
+ ' 3. 2 il 

l< + 1 -'J il 
1. 774 r·iH 3 .Hil + n1t + \'H v "' X :I 

+ il 

H 

Sllt.('J) + Li~) (.fl. ) 
<; <;1 1 q (1 !I J.. 1.4 + "' + . (. ? <; 

K 
li)- {. ls + 1.7 Sllr.f!?1l + 1 IS() + !I 1(1<; "' X 

+ . 3 

v 
'f:c; ')_ + 

f). ?li lil-H rrsn
3 + Sf' + H K? ::::: X 

+ 3 ,.<; 

fl~i)-
K3s + ?- -'? 
+ H + <;l !< "' 1.? X lfl . . 4 + 11 3<; 
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Trt,lp tl 

Effect of Varii'ltion of SPlPCt>"ri PnrnriPt.<>rc; 11pon th» '.:1t~> nf f.0rtVPrsinn 

s Ro s 1'1 lt. Sont: ~~'~ "'1 >I 3 )!I I , \ ftar 1 hr 

( IJ!'l) ( t_; ) 
l 

(IJ~J/!'1,) ( p;lh) (pph) '( p:l "/.f. on v 

• ~i ~ liJ- 6 l l ~~ lU ~I.) !) 4.f1 3.?.7 ?.3D H.? 

u ;:, lil- 6 111-n 11) '11 J 0 Lt.~ :~. 32 :> .-3? 'i.2 G '·) 

® ~~ ~ 1: )-!J 1\ 111 ~ll fl 11. ~ '~ ·~ 1.60 :·{ e ( . '· 

• t ~ !J 1 ·)-<'! I ~ lt) ~I' ll 4.:, * 
,, 

•" :i 111-h 11! .,, ) !: 'l. s 1.?? ? • 1 (1 g@? 

I 
~ 11~-ti ji 1' \II ~,, ! 1 ![ .!::1 3. ]I) i'. ?r; u.s . ' ' ,, 

•,) 

" 111-Fi I) ]II '1 II ll.S ·~ • ')!1 3.: \(1 ().() . ' ) 

\' 'l lll-G i) 1! I St 1:1 I) 4.S ~) • ?r, '). 7 9 l.l . ' . ' 
. ,\ 1:1 l i )-(\ II Ft '111 s 5 .:~ :~. ?7 '?.37 ~~, 0 ( 

oH :-> 1(;-h ,, 10 S\1 >)II f, • :~ l. ') 7 '> ',. '"i.? •) ( • ::J ) 

.H 'J 1 (!-f) u HI 'I I·' ~ Ill (1.7 l • ~~ 7 :l. (13 :-~ e 3 

• : l :) ') llJ -li II lU ~)f) u ll..~ 31.;:> 3./ll 1.? 

.H ')tl() l!l-b !) 10 ':l;) \I 4.'1 /[0\.l tl. 311 1 ') . ' 
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Fi re L The dimensionless lifetime of a cove a film of 

surfactant. is lifetime at limiting case when evaporation is 

diffusion controlled. tt is calculated li 

kinetic fects are considered@ This graph 

ime when both diffusion and 

the range of validity 

of the di ion model. 

Figure 2. The effect of relative humidi on the 1 ifet ime a droplet at 20°C. 

Figure 3. The lifetime of droplets as a function of temperature (S = .8). 

Figure 4. e of conversion of so2 to sulfate at various pH levels and so2 

concentration. 

Figure 5 The radius of an evaporating aerosol droplet in which oxidation reaction 
ex -

(so2 t so4=) occurs. 

T "' 

CJ,"' 

$ e e e 

l0°C' s "' .8, r "' 5 m Pso = 100 ppb, PNH "' 5 ppb, 
0 2 3 

10-4 
9 and ex "' 10 1J g/m 3 10-13 

mNaCl "' gr 

Pure water droplet a + oo (no catalyst, no chemical reaction) 

Droplet containing soluble salt nuclei. 

Droplet containing soluble t nuclei and insoluble carbon 

-4 catalyst, covered by a film of surfactant with a= 10 

Figure 6 Comparison of the relative importance of various sulfate production 

mechanisms involving liquid water based on a box-type calculation. The 

following initial conditions were used in the calculation: 

-3 = 0.05 gm • 
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